High Rate Testing of NiTinol Actuator Wire by Lockwood, Chase
Indiana University – Purdue University Fort Wayne
Opus: Research & Creativity at IPFW
2015 IPFW Student Research and Creative
Endeavor Symposium
IPFW Student Research and Creative Endeavor
Symposium
3-27-2015
High Rate Testing of NiTinol Actuator Wire
Chase Lockwood
Indiana University - Purdue University Fort Wayne
Follow this and additional works at: http://opus.ipfw.edu/stu_symp2015
Part of the Physics Commons
This is brought to you for free and open access by the IPFW Student Research and Creative Endeavor Symposium at Opus: Research & Creativity at
IPFW. It has been accepted for inclusion in 2015 IPFW Student Research and Creative Endeavor Symposium by an authorized administrator of Opus:
Research & Creativity at IPFW. For more information, please contact admin@lib.ipfw.edu.
Recommended Citation
Lockwood, Chase, "High Rate Testing of NiTinol Actuator Wire" (2015). 2015 IPFW Student Research and Creative Endeavor
Symposium. Book 47.
http://opus.ipfw.edu/stu_symp2015/47
High	  Rate	  Tes,ng	  of	  NiTinol	  Actuator	  Wire	  
Chase	  Lockwood,	  IPFW	  Department	  of	  Physics	  
Jeremy	  Schaﬀer,	  Fort	  Wayne	  Metals	  
Introduction 
Materials and Methods 
Results 
Conclusions 
Actuator design using shape memory alloy (SMA) wire requires careful 
understanding of alloy selection and processing, loading rates, environmental 
variation and overall system stability. The same permutations of factors that give 
complexity can also provide accurate adjustability. Successful implementation of 
both small and large-scale NiTinol actuators is becoming more common. Thin 
NiTinol wire can provide high force-to-weight actuation with excellent thermal 
response time compared to larger, more thermally limited systems. In all cases, 
characterizations of strain evolution are critical to both system stability and 
durability. Work to understand evolution has advanced significantly for particular 
combinations of alloys and conditions over the years. For example: Ni50 Ti50 in 
load-bias thermal cycling, and Ni50.8 Ti49.2 in both superelastic (SE) and shape 
memory effect modes. Actuation is possible in commercial wire alloys for up to 
millions of cycles at modest conditions of stress, temperature, and stroke length. 
Durability testing of these materials is typically costly because it is conducted at a 
rate of less than 0.1s-1, requiring hundreds of days of test time. This work is an 
early step towards exploring whether both actuation training and fatigue durability 
may be conducted with greater expediency.  
 
Several Grades of NiTinol wire were tested in a uniaxial test rig at slow and fast cyclic 
actuation rates in order to understand strain evolution during near-isobaric conditions. A thin 
wire diameter of 0.25 mm was selected in order to enable enhanced heat transfer and thus 
response time during high thermal gradient testing. Strain evolution is compared through 
1000 actuation cycles in binary and ternary grades including: Ni-49.2 at. % Ti, Ni-49.4 at. % 
Ti, Ni-Ti-Cr, and Ni-Ti-Co. We observe improvement in cyclic actuation stability with 
diminishing grain size, strengthening precipitate dispersions, and ternary alloy additions. 
Future work will be discussed towards informing processing conditions for high and stable 
work output in wire-based low and medium temperature applications. 
 
The figure below shows the actuation strain behavior of accumulated cycles. In 
each curve, the top of the cyclic data range gives the fully extended (cold) 
position, while the lower boundary gives the contracted (hot) position in strain. 
Less than 0.2% strain evolution was observed in the low temperature boundary 
for condition GS1 over 100 cycles compared to 3% strain for condition GS2 and 
about 16% for GS3. The stroke length after 100 cycles remained more constant 
for the GS3 samples, where the aged sample maintained double the steady-state 
stroke (2.6%) compared to the un-aged condition (1.3%). 
 
Similar strain evolution and slightly contracted stroke occurs in NiTinol wire 
during actuation at a constant uniaxial stress of 700 MPa and thermal 
fluctuation test rates from 0.1 to 0.3 s-1. Much work remains to explore the 
usefulness of a higher rate test and/or actuator training mode. This project is 
part of an ongoing effort to explore further connections between alloy grades, 
processing, and test control modes.  
 
Load-­‐biased	  actua,on	  strain	  vs.	  cycle	  count	  data	  for	  0.25	  mm	  NiTinol	  #1	  wire	  tested	  at	  temperature	  
limits	  of	  290	  K	  (top	  of	  plots)	  to	  433	  K	  (boWom	  of	  plots)	  at	  strain	  rates	  of	  0.1	  s-­‐1	  and	  0.3	  s-­‐1	  with	  a	  constant	  
applied	  stress	  of	  700	  ±	  25	  MPa.	  50	  nm	  GS1	  wire	  (a);	  100	  nm	  GS2	  wire	  (b);	  Comparison	  of	  GS1,	  GS2,	  GS3,	  
and	  reduced	  evolu,on	  associated	  with	  low	  temperature	  aging	  is	  GS3	  +	  age.	  	  
	  
